Objective: Retrospective assessments of negative mood have predicted coronary artery disease development and progression. Using momentary assessment, we evaluated associations between average positive and negative mood states and diurnal mood patterns, with prevalent and incident coronary artery calcification (CAC), a measure of calcified atherosclerosis. Methods: In a prospective cohort study of 669 white and African American men and women, aged 33 to 45 years, from the Coronary Artery Risk Development in Young Adults Study, mood was assessed at Year 15 examination, six times over a weekday. Prevalent, progressive, and 5-year incident CAC (any detectable CAC [score 90]) and substantial CAC (CAC score Q 20) were assessed at examinations at Years 15 and 20 by electronbeam tomographic scans. We employed a modified Poisson regression approach for binary data with robust error estimation to quantify relative risk. Results: In multivariate-adjusted analyses, those with high-average positive mood that improved over a day had a lower risk of prevalent CAC higher than 0 (relative risk CAC = coronary artery calcification; CARDIA = Coronary Artery Risk Development in Young Adults; CES-D = Center for Epidemiological Studies Depression Scale; CHD = coronary heart disease; EBT = electron-beam tomography; HDL = high-density lipoprotein; LDL = low-density lipoprotein; RR = relative risk; SBP = systolic blood pressure.
INTRODUCTION

D
epressive symptoms and major depression are associated with coronary artery disease (1Y4). However, virtually, all depression measures are based on reports of symptoms and function in the last 2 to 4 weeks. Enduring mood states should theoretically be more predictive of disease states than more transient, momentary mood states. However, assessment methods that require participants to recall mood have been criticized for recall bias, memory distortion, and the dominant influence of current mood state (5, 6) .
Research has shown that ''real-time'' assessment over multiple time points may provide a good reflection of underlying tendencies and a more valid indicator of mood than average mood recalled over previous weeks. This has extended to other psychosocial measures (7) . Moreover, recent work has suggested that short-term, momentary positive mood states may predict healthy cardiovascular function (8Y11). For example, Steptoe and colleagues (12) found that repeated measures of positive mood using ecological momentary assessment was inversely associated with cortisol and systolic blood pressure (SBP) and diastolic blood pressure (DBP) in 72 young, healthy men, whereas positive mood assessed retrospectively over the past week (using the Positive and Negative Affect Schedule) was weakly associated with SBP and not associated with the other outcomes.
Given evidence of diurnal mood patterns and thus substantial mood variability in a single day (13, 14) , multiple assessments over the course of a single day may have utility in the prediction of health-related outcomes (15) . Whereas mood changes as a function of particular situations and events, diurnal mood patterns, such as whether negative affect decreases throughout a day, for example, may not vary substantially from day to day but rather show trait-like characteristics within individuals (13) .
Thus, beyond the influence of average positive and negative moods, the pattern of mood change or mood at bedtime relative to waking may also matter for mental and physical well-being. Previous research shows that mood commonly improves throughout the day but also shows individual variability in diurnal mood patterns. Some people, for example, exhibit ''evening-worse'' versus the more typical ''morning-worse'' patterns of mood (16) . This diurnal mood pattern characterized by increasing negative mood over the course of a day has been related to longer-term or trait moods such as depression and anxiety (16) .
Previous studies on mood and cardiovascular function are limited. Most studies have included fewer than 100 people and have been conducted in undergraduate populations with minimal risk of cardiovascular outcomes. Lastly, mood states have often been induced in a laboratory setting, which does not illuminate the clinical significance of naturalistic daily mood. The primary objective of our study was to examine associations of momentary positive and negative mood states and diurnal patterns of change on one typical weekday, with coronary artery calcification (CAC), a marker of subclinical atherosclerosis (17, 18) , as well as future development of CAC, among a subset of participants in the Coronary Artery Risk Development in Young Adults (CARDIA) Study. We chose CAC as a well-established biomarker of early subclinical atherosclerosis in the CARDIA Study and a predictor of future cardiovascular events (19) .
METHODS
Study Population
The CARDIA Study is a longitudinal investigation of coronary artery disease risk factors in a population aged 18 to 30 years at study inception. Details of study design, recruitment, and procedures have been published elsewhere (20, 21) . To date, the CARDIA Study has completed six examination cycles: a baseline examination during the 1985 to 1986 study year (n = 5115) and follow-up examinations at Years 2, 5, 7, 10, 15, and 20, which achieved high retention rates. Of these, 3043 participated in the electron-beam tomography (EBT) study at the Year 15 examination (3139 at the Year 20 examination) and had coronary calcium measured.
For primary analyses of momentary mood, we used mood data collected in a self-administered questionnaire over the course of 1 day for 746 participants who agreed to participate in the Year 15 (2000Y2001) ancillary substudy on mood from two of the four CARDIA sites (Chicago and Oakland) and who also participated in the EBT study. All other data, including covariates used in these analyses, were collected at the Year 15 examination (2000Y2001).
Fifty-five participants (7%) missing at least one measure of mood were omitted. Twenty-two participants missing data on covariates were also omitted. This resulted in 669 participants with complete data.
Data Collection Coronary Artery Calcium (EBT Scanning and Reading Protocol)
Subclinical atherosclerosis was measured via computed tomography during Years 15 and 20, as previously described (22, 23) . CAC was measured by EBT (Imatron Inc) in Oakland and Chicago. For each scan, 40 consecutive images from the root of the aorta to the apex of the heart were obtained. Scans were read centrally by a trained reader who examined each participant's scan independently of the other. Each scan set with at least one nonzero score was reviewed by an expert investigator who was blinded to the scan scores to verify CAC presence. The presence of CAC was defined as having a positive, nonzero Agatston score, using the average of two scans. Average Agatston scores from two scans were used to obtain the total calcium score for each individual ( 
Measurement of Momentary Mood
A self-report questionnaire on mood was given to participants at the time of the Year 15 examination to be completed at home the following week. Data collection typically occurred within a week after the examination. Measures of positive affect and negative affect captured high and low arousal emotions. Positive affect was measured with the item, ''How much do you feel happy, excited, or content right now?'' Negative affect was measured with the item, ''How much do you feel worried, anxious, or fearful right now?'' For both questions, respondents indicated their answers on a 4-point scale, from not at all (''0'') to extremely (''3'').
Participants were asked to complete each of the two items at six time points during a workdayVon rising; 45 minutes, 2.5 hours, 8 hours, and 12 hours after waking; and at bedtime. Participants received an alarm watch preset to their sample times based on self-reported time of waking. If they woke at a time different than expected, they were provided a chart indicating the new sampling times, determined based on optimal collection times for salivary samples in the CARDIA Study, which have been previously published (24) . No shift workers were included in this substudy.
Measurement of Covariates
Educational attainment, smoking, alcohol consumption, physical activity, depressive symptoms, and chronic burden, a measure of stressful problems, were ascertained by self-report. Participants were asked whether they currently smoke. Alcohol consumption was assessed as the average number of drinks per week, multiplied by ethanol concentration (25) . Based on an interviewer-administered physical activity history, total activity was computed as the sum of frequency and intensity scores for 13 categories of vigorous and moderate activity over the previous 12 months (26, 27) . Depressive symptoms during the past week were measured at Year 15 (2000Y2001) by self-report, using the Center for Epidemiological Studies Depression Scale (CES-D) (28) . Chronic burden was assessed as the number of domains (health of close others, work, finances, and relationships) in which participants reported experiencing moderately or very stressful ongoing problems lasting 6 months or longer (29) .
Body mass index was calculated as weight in kilograms divided by the square of height in meters. SBP and DBP was measured on the right arm with a Hawksley random zero sphygmomanometer (30) . Blood samples were drawn in the morning after an overnight fast using ethylenediaminetetraacetic acidYcontaining tubes. Total cholesterol, triglycerides, and high-density lipoprotein (HDL) were measured, and low-density lipoprotein (LDL) was computed using the Friedewald equation (31Y35). Covariates were measured at the Year 15 examination and selected a priori as important risk factors for atherosclerosis.
Statistical Analysis Categorization of Average and Diurnal Mood Patterns
We computed mean positive and negative moods over the course of the day (i.e., six assessments), and for each, we categorized mood as low (0 to 1), medium (91 and G2), and high (2 to 3) positive (or negative) mood. The reference group for positive mood included those with medium (91 and G2) and high (2 to 3) positive mood, and the reference group for negative mood included those with low (0 to 1) negative mood. High positive mood (category, 2Y3) initially comprised the reference group for positive mood, to enable evaluation of extremes in mood and to ensure a reasonable distribution across categories. However, relatively few could be categorized as having high positive mood, and the reference and adjacent groups were not significantly different for risk of coronary artery calcium, so they were collapsed.
We examined patterns of changing mood over the course of the day with mean plots (PROC SGPLOT). Previous research suggests diurnal patterns in mood with positive affect increasing and negative affect decreasing throughout the day (13, 14) . Our examination of mean plots confirmed on average that negative mood was highest and positive mood was lowest approximately 45 minutes after waking and, furthermore, that negative mood was lowest and positive mood was highest at bedtime, with nearly linear changes between those two time points. Therefore, we computed changes in both positive and negative moods as the differences in the bedtime values minus the values provided 45 minutes after waking. We subsequently categorized people by whether they increased in positive (or negative) mood over the course of the day.
Finally, given previous research suggesting both the importance of the magnitude of daily moods, as well as the diurnal patterns, we generated categories based on the cross-classification of average mood (high versus low) and diurnal mood change (increasing versus no change/decreasing). We were primarily interested in comparing extremes in categories: a) high-average/increasing negative mood versus low-average/no change or decreasing negative mood and b) low-average/no change or decreasing positive mood versus highaverage/increasing positive mood rather than those in ''mixed'' risk categories (e.g., low-average/increasing negative mood), given weak a priori hypotheses about these categories.
Bivariate Analyses
We used t tests to compare participants from the substudy to the broader cohort. We evaluated the distribution of the presence of coronary calcium and mood by race and sex, using Pearson W 2 test (Tables 1 and 2 ). Using analysis of covariance, we regressed potential confounding variables against crossclassified categories of average and diurnal patterns of negative and positive AFFECT AND CORONARY ARTERY CALCIUM Psychosomatic Medicine 74:526Y534 (2012)moods, adjusted for continuous age ( Table 2) . We used a contrast statement to evaluate the difference in the ''high-risk'' versus ''low-risk'' mood categories.
General Approach to Modeling
Because the prevalence of CAC was relatively common (10% for the entire sample at Year 15), we used a modified Poisson regression approach for binary data with robust error estimation to quantify the relative risk (RR) of calcium scores higher than 0, and calcium scores higher than 20, associated across categories of positive and negative moods (36) . The calcium score cut points (0 and 20) were chosen to examine the association of mood with any measurable CAC (versus none) and with the presence of a calcium score of higher than 20 (to rule out the possibility that very low calcium scores may be due to imaging artifacts). (30) 16 (11) 59 (40) 113 (76) 15 (10) 15 (10) 5 (3) White women, n (%) 28 (17) 65 (39) 21 (13) 54 (32) 128 (76) 18 (11) 15 (9) 7 (4) Black men, n (%) 24 (17) 55 (39) 12 (8) 51 (36) 113 (80) 11 (8) 11 (8) 7 (5) Black women, n (%) 47 (22) 93 ( 
C. H. KROENKE et al.
We conducted analyses of Year 15 mood and prevalent CAC and Year 20 progressive CAC. We additionally evaluated associations between the independent variables and incident cases of CAC between examination Years 15 and 20, excluding those who had detectable CAC at Year 15 and those missing CAC data at Year 20 (n = 523). We considered evaluating incident cases defined as CAC higher than 20, but the number of cases (n = 16) was too small to draw conclusions.
We used a sequential model approach. Model 1 was adjusted for age, sex, race, and education, and Model 2 was adjusted additionally for variables found to be significantly related to either positive or negative mood or to the presence or progression of CAC (i.e., calcium score 90) (see Table 3 for covariates). Because of the potential for collinearity between or redundancy of certain variables, we dropped certain variables (e.g., triglycerides, LDL, DBP) from models that were no longer associated with CAC or did not influence the effect estimate for mood and CAC when simultaneously modeled with other variables (i.e., HDL and SBP). Adjustment for physiological cardiovascular risk factors had little influence on relationships.
Results with simultaneous adjustment for positive and negative moods were not markedly different than results for variables of interest modeled separately, and so, all models are adjusted separately for positive and negative moods to ensure parsimonious models. The correlation between average negative and positive moods was modest (r = j0.27, p G .001).
Effect estimates changed little when we excluded those with waking times after 10 AM or those whose reported mood assessments were more than 30 minutes from the expected time.
We evaluated associations of the dichotomous low positive mood and high negative mood variables with CAC. We further evaluated diurnal patterns of changing positive and negative moods and prevalence, progression, and incidence of CAC. Reference groups included those with unchanging or declining positive or negative mood over the course of the day, compared with those with increasing positive (or negative) mood. Finally, for both positive and negative moods, we evaluated the cross-classification of average mood with diurnal mood changes in relation to prevalent, progressive, and incident CAC. Given the distribution of mood patterns in this study, to ensure the largest and most stable reference groups, reference groups were set equal to low-average (positive or negative) mood and no change/decreasing mood.
The SAS version 9.2 statistical software (SAS Institute, Cary, NC) was used in all statistical analyses. The institutional review boards of the centers involved approved the study, and all participants gave informed written consent. , physical activity (metabolic equivalents, continuous), alcohol consumption on the day of the mood survey (yes/no), current smoking status (yes/no), and chronic burden (0 to 4 areas of burden). b Diurnal change was computed as the difference of bedtime mood minus mood at 45 minutes after waking. Average mood was computed as the mean over the day.
RESULTS
Representativeness of the Subsample
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Differences by Sex and Race Groups At Year 15, 53 individuals (7.9%) had a calcium score higher than 0, and 34 individuals (5.1%) had a CAC score higher than 20. This percentage varied by sex and race, with white men having the greatest likelihood of any CAC (n = 23, 16%), black men (n = 14, 10%) and women (n = 11, 5%) having intermediate likelihood, and white women having the least (n = 5, 3%). White men had the highest percentage of participants with a mean calcium score higher than 20 (n = 13, 9%); black men (n = 10, 7%) and women (n = 9, 4%), intermediate percentages; and white women (n = 2, 1%), the lowest percentage of participants with substantial CAC (Table 1) .
Levels of positive and negative moods also varied by sex and race. More black men (15%) and women (17%) reported high positive mood than white men (6%) or women (8%). Similarly, more black men (41%) and women (35%) reported low levels of negative mood over the day, compared with white men (19%) and women (20%) ( Table 2) . 
Diurnal Mood and Coronary Artery Calcium
Diurnal mood patterns did not vary by race and sex (data not shown). Mood did vary by time of day and showed individual variability (Figs. 1, 2) . Plots (mean and 95% confidence interval) of categories of average and diurnal change in negative mood in 669 men and women from the Coronary Artery Risk Development in Young Adults Study: 75.4% had low-average and decreasing/ unchanging negative mood, 10.8% had low-average and increasing negative mood, 9.2% had high-average and decreasing/unchanging negative mood, and 4.5% had high-average and increasing negative mood.
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Positive Affect
With diurnal pattern examined apart from average mood, diurnal increase in positive mood was related to lower prevalent CAC at Year 15 (RR = 0.51, 95% CI = 0.25Y1.06, p = .07), although not significantly, and was not related to progressive CAC at Year 20 (RR = 0.88, 95% CI = 0.58Y1.31, p = .52) or to incident CAC (RR = 1.34, 95% CI = 0.83Y2.17, p = .23).
Negative Affect
Similarly, diurnal increase in negative mood was unrelated to CAC at Year 15 or 20 (data not shown). However, in both age-, race-, sex-, and education-adjusted (RR = 1.80, 95% CI = 1.01Y3.21, p = .04) and multivariate-adjusted analyses (RR = 1.80, 95% CI = 0.96Y3.38, p = .07), diurnal increase in negative mood predicted marginally higher incident CAC.
Analyses of the Cross-Classification of Average and Diurnal Mood Patterns and CAC
Positive Affect
Those with high-average and increasing positive mood over the day had a lower risk of prevalent CAC at Year 15 (Table 3) and a somewhat (not significant) lower risk of progressive CAC by Year 20 (Table 4) , compared with those with low-average positive mood and declining or unchanging mood. However, measures of positive mood were unrelated to incident CAC (Table 5) .
Negative Affect
Those with high-average and increasing negative mood throughout the day had a higher risk of prevalent CAC at Year 15 (Table 3) and progressive CAC at Year 20 (Table 4) in minimally adjusted models, compared with those with lowaverage negative mood and declining or unchanging mood, although associations were nonsignificant in multivariateadjusted models. This pattern of mood was similarly associated with substantial CAC (CAC Q20) at Years 15 and 20 (Tables 3 and 4) . Moreover, those with high-average and increasing negative mood throughout the day had a higher risk of incident CAC (Table 5) .
DISCUSSION
This population-based study in young adults demonstrated associations between patterns of positive and negative moods, evaluated by momentary assessment, and CAC. Cross-sectionally, persons with high-average daily positive mood had half the risk of any measurable coronary calcification (i.e., calcium score 90), a Models 1 and 2 were adjusted for covariates described in Table 3 . b Diurnal change was computed as the difference of bedtime mood minus mood at 45 minutes after waking. Average mood was computed as the mean over the day.
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relative to those with medium to low levels of positive mood. We achieved an even better classification of risk when we simultaneously examined both the magnitude and pattern of affect over a day. Those with high and rising positive mood over the course of a day had an 80% lower risk of CAC cross-sectionally. Conversely, those with both high and increasing negative mood over a day had a more than three-fold higher risk of incident CAC. These results were true after adjustment for depressive symptoms measured by the CES-D. Momentary assessment of mood may be a useful predictor of early coronary artery disease (5,37), even if assessed on 1 day only. This is the first study to examine the patterns of positive and negative moods and coronary artery calcium. Although patterns of positive mood were predictive of CAC cross-sectionally, only patterns of negative mood were predictive longitudinally, and the combination of average mood and diurnal mood patterns was more predictive of prevalent and incident CAC than either average mood or diurnal patterns separately.
Past research supports these findings, in that negative mood, but not positive mood, has been linked to coronary heart disease (CHD) development. Nabi et al. (38) assessed positive and negative moods using the Bradburn scale of recalled mood and found that negative affect was positively associated (RR = È1.2) with incident CHD but positive affect was unrelated to incident CHD. Thus, our findings seem consistent with the findings of Nabi and colleagues (38) , although they evaluated recalled mood. No studies that we are aware of have examined diurnal mood patterns and CHD.
Although momentary mood is by definition transient and influenced by the buffets and blessings in daily life, mood patterns measured on one day may reflect longer-term mood patterns or developed responses to cumulative stress over the long term. Momentary measures could be more accurate than (6) or are at least different in their predictive ability compared with recalled long-term mood.
Mood may also have potent physiological effects in the short run and in the long term. In previous research, positive and negative affect have been shown to influence cardiovascular function through unhealthy lifestyle factors such as smoking, alcohol overconsumption, and physical inactivity (39) . Mood may also influence alterations in autonomic nervous system and hypothalamic-pituitary-adrenal axis functioning (8, 40) , which influence cardiovascular reactivity (41Y44), inflammation (45, 46) , platelet activation (47, 48) , endothelial dysfunction (49Y51), and hemostasis (52, 53) , mechanisms involved in the development of atherosclerosis. Later in the development of CHD, mood states may have powerful short-term effects on coronary events; acute negative mood states can trigger silent ischemia (54) or myocardial infarction (55, 56) .
Study strengths include the ability to evaluate associations in black and white men and women. The examination of mood with early assessment of subclinical disease also reduced the possibility that mood was a consequence of health. Nevertheless, because poor health can influence mood, in a post hoc analysis, we evaluated the association of positive and negative moods and CAC in those who reported their health to be good or excellent, eliminating those who reported their health to be fair or poor. The association was not attenuated, giving support to the appropriate temporal sequence of independent and dependent variables.
Limitations of this study include limited power and potential concerns regarding reliability, given the use of single measures of positive and negative moods; the latter mainly assesses anxiety spectrum negative emotions but not sadness or anger. Although alarms were used to remind participants to complete measures, it is possible that participants did not complete questionnaires on time, although the brevity of questionnaires may have increased the likelihood. Future research should assess in more detail momentary positive and negative moods over several days and use methods that ensure accurate measures of date and time. a Models 1 and 2 were adjusted for covariates described in Table 3 .
b Diurnal change was computed as the difference of bedtime mood minus mood at 45 minutes after waking. Average mood was computed as the mean over the day.
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In summary, low positive mood, high negative mood, and diurnal mood patterns, evaluated by momentary assessment, predicted early subclinical atherosclerotic disease. Studies involving treatment of depression have not altered the trajectory of heart disease recurrence (57, 58) . However, clinical trials are still needed to test whether altering daily mood states and dynamics might help ameliorate or slow the accumulation of coronary disease.
